Irreversible inhibition of plasma membrane (Ca2+ + Mg2+)-ATPase and Ca2+ transport by 4-OH-2,3-trans-nonenal.
4-OH-2,3-trans-nonenal (HNE), a major aldehydic lipid peroxidation product, has been shown to cause cellular toxicities and has been linked to a number of pathophysiological processes including atherogenesis. Specifically, in vitro exposure of erythrocyte plasma membrane preparations to HNE resulted in the inhibition of membrane transport function and integrity. To characterize the nature of the inhibitory effects of HNE on plasma membrane regulatory mechanisms, we investigated its effects on substrate and calmodulin (CaM) stimulation on erythrocyte Ca2+ transport and (Ca2+ + Mg2+)-ATPase activities. Concentration-effect relationship analysis in erythrocyte membrane "ghosts" and inside-out vesicles (IOVs) yielded purely noncompetitive kinetics for Ca2+, ATP, and CaM activation of (Ca2+ + Mg2+)-ATPase and Ca2+ transport. Reductions of Vmax from direct addition of 0.1 mM HNE to the assay incubation mixtures ranged from 23 to 41%. Similarly, pretreatment with HNE of both membrane ghosts and IOVs resulted in a concentration-dependent inactivation of ATPase and transport activities without changes in affinity for Ca2+, ATP, or CaM. Conversely, pretreatment of CaM itself did not impair its ability to stimulate (Ca2+ + Mg2+)-ATPase activity threefold. Moreover, HNE-pretreated membranes exhibited unaltered acetylcholinesterase activity compared to sham-pretreated membranes. Together, these results suggest that HNE may structurally, and thus irreversibly, modify one or more functionally important sites on the transport protein itself.